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Neonatal intensive care unitAbstract Effective strategies to prevent nosocomial infections (NI) among neonates in neonatal
intensive care unit (NICU) require a comprehensive study of epidemiology, risk factors and out-
comes.
Objectives: The purpose of this study was to determine the occurrence of NI, associated risk fac-
tors, distribution of pathogens and their susceptibility to antibiotics and calculating the death rates
among the studied neonates in the NICU of the Zagazig University Hospital.
Methods: A prospective cohort study was conducted over a period of one year, 418 non infected
neonates at admission were included, where; Blood, Pus, CSF and Urine specimen were collected
and processed.
Results: Out of 418 neonates; 161 (38.5%) developed NI. Most of the infections were caused by
Klebsiella (34.2%) and Staphylococcus aureus (26.1%). The main neonatal NI was bloodstream
infection (58.0%), followed by pneumonia NI (46.0%). Low birth weight (LBW) and prematurity
were reported to be important risk factors for NI. Neonates with NI had a signiﬁcantly prolonged
hospital stay. The death rate for NI was 26.7%.
Conclusion: High incidence rate of NI in neonates admitted to NICU was documented, particu-
larly premature and low birth weight neonates. Early identiﬁcation of NI and its risk factors remain
the keys to successful management of this condition.
ª 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Pediatric
Association. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/3.0/).Introduction
Nosocomial infections (NIs) are one of the major causes of
mortality and morbidity in the neonatal intensive care units
(NICUs).1 NI is an infection during hospitalization that was
not present or in incubation at the time of admission that has
an impact on the healthcare system as it increases the use of
Bacterial nosocomial infections in neonatal intensive care unit 73medical resources, duration of hospitalization, as well as
increased cost of treatment in both developed and developing
countries.2 These are major public health problems worldwide,
but particularly in developing countries. However, the inci-
dence of infections varies widely among NICUs. It occurs at
an incidence of around 30%2,3 and in the developing countries,
it is estimated to cause 40% of all neonatal deaths,4 depending
on environmental factors and differences in clinical practice.1
At birth, newborns, especially premature and low birth
weight neonates are devoid of efﬁcient structural barriers, of a
protective endogenous microbial ﬂora and of a mature immune
system.5,6 In addition, neonates inNICU are exposed to various
therapeutic interventions that provide a portal of entry for
pathogens that render these neonates more susceptible to NIs,
including intubation, ventilation, central venous catheters, total
parenteral nutrition (TPN), peripheral intravenous lines, veni-
puncture or needle stick blood draws and urinary catheters.7
The newborn represents one of the most vulnerable popu-
lations among the pediatric group, especially neonates hospi-
talized in a neonatal intensive care unit (NICU) where the
large-scale use of medical devices, antimicrobial drugs and
lack of maturation of a child’s immune system increase the
chances of acquiring an NI.8 Nosocomial infections include
bloodstream infections, pneumonia, urinary tract infections,
meningitis, secondary skin infections, and eye, ear, nose, or
throat infections. The causative organisms may be bacterial,
viral, or fungal in origin.9,10 Nevertheless, nosocomial infec-
tions remain a major cause of preventable morbidity and mor-
tality in developing countries where infection rates are
relatively higher due to overcrowding of hospitals, poor infec-
tion control practices, lack of supervision and inappropriate
use of limited resources.11 The major pathogens of neonatal
infections differ not only from country to country and from
nursery to nursery, but also change within years in the same
nursery.12,13
For these reasons, effective surveillance was very important
to evaluate the epidemiology, associated risk factors, causative
organisms and outcomes based on understanding the epidemi-
ology of nosocomial infection in our locality. Therefore, this
study was conducted to determine the occurrence of nosoco-
mial infections, associated risk factors, main infection site,
common microorganisms, antibiotic susceptibility and death
rates among neonates in the NICU of the Zagazig University
Hospital in Sharkia Governorate, Egypt.Materials and methods
Study design and setting
A prospective cohort study was carried out at the NICU of the
Zagazig University Hospital in Sharkia Governorate, Egypt,
over a period from March 2012 to February 2013. The NICU
consists of 1 room with limited available space, average of 3
nurses, and followed by two neonatologists for 24 h/day.
Study subjects
All neonates admitted to the neonatal intensive care unit dur-
ing the study period and fulﬁlling the inclusion criteria were
included in this study.Patient inclusion criteria
The criteria include neonates without any sign of infection at
admission and remained hospitalized for at least 48 h.
Patient exclusion criteria
From the start, we exclude any neonate proved to be infected
at the time of admission and any neonate died or discharged
before 48 h.
From a total of 614 neonates admitted to the Zagazig Uni-
versity Hospital NICU during the study period, 23 neonates
were discharged from the NICU in the ﬁrst 48 h, 12 neonates
died and 161 have the signs of infection at the time of admis-
sion. So the ﬁnal total sample that met inclusion and exclusion
criteria included 418 neonates who were admitted without
infection at the time of admission and remained more than
48 h.
Data collection
Complete history taking
To detect any risk factors of infection either maternal, natal
or postnatal factors the variables included were admission
date, gestational age, birth weight, and sex. Complete obstet-
ric history to detect risk factors of sepsis as PROM >18 h,
maternal fever >38 C, maternal UTI mode of delivery,
recorded APGAR score, and symptoms of sepsis as lethargy
and poor feeding. In addition to antibiotic administration
and medical devices used (endotracheal tube/mechanical ven-
tilation, central venous catheter, urinary catheter, peripheral
arterial/venous catheter, and feeding tube), NI diagnosed,
the date of the NI, secondary bacteriemia, antimicrobials
prescribed, pathogens found, and outcome (discharge,
death).14–20
Clinical examination
The complete clinical assessment was carried out to all neo-
nates in the units by neonatologist on duty, and standard data
collection form was ﬁlled. Birth weight was measured in addi-
tion to clinical signs of sepsis: respiratory dysfunction (apnea,
signs of respiratory distress), circulatory dysfunction (poor
peripheral circulation, hypotension, and prolonged capillary
reﬁll), GIT dysfunction (abdominal distension, feeding intoler-
ance, hepatomegaly and jaundice) and neurological dysfunc-
tion (irritability, hypotonia, lethargy).
Investigations
All neonates admitted to the unit were subjected to the follow-
ing investigations at the time of admission to exclude infection:
complete blood picture (CBC), C-reactive protein and blood
culture.
On the third day of admission, all of the studied neonates
were re-evaluated clinically to detect nosocomial infection.
Blood specimens were collected and bacteriological studies
were done for 161 neonates in which infection was suspected
clinically including: full blood picture, C-reactive protein,
microbiological conﬁrmation of diagnosis by: blood culture,
culture of other specimens (according to the site of infection),
urine and tracheal aspirate cultures were added when needed.
CSF culture was performed in all neonates who had clinical
signs of meningitis or bacterial growth in blood culture. All
Table 1 Characteristics of studied neonates at the Neonatal
Intensive Care Unit (NICU) Zagazig University Hospital
(n= 418).
Characteristics Categories No. %
Gender Female 241 57.7
Male 177 42.3
Gestational age (weeks) <27 16 3.8
28–31 172 17.2
32–36 141 33.7
P37 189 45.2
X± SD 35.0 ± 3.9
Mode of delivery N.V.D 165 39.5
C.S 253 60.5
Birth weight (gm) <1000 34 8.1
1000–1500 116 27.8
1500–2500 75 17.9
P2500 193 46.2
X ± SD 2285.5 ± 928.5
Apgar 1st minute <7 327 78.2
P7 91 21.8
74 D. Mohammed, O.S. El Seiﬁspecimens were cultured on speciﬁc media for identiﬁcation of
the organism and antibiotic susceptibility.
From all the collected data, incidence rate and death rates
for nosocomial infection among neonates were calculated.
Ethical considerations
An informed written consent was obtained from the legal
guardian of the neonate after being informed about the purpose
of this study. All needed ofﬁcial permissions were obtained.
Statistical analysis
Data were analyzed using SPSS (the Statistical package for
Social Sciences for Windows) version 19.0. Descriptive statis-
tics such as count, percent, mean and standard deviation was
used for neonatal, maternal characteristic, admission diagnosis
and manipulations done for these patients. Differences
between groups with and without NI were assessed for statis-
tical signiﬁcance using Odds ratio and conﬁdence interval
(CI) for all risk factors was used to quantify the associations.68
55
12.7
6.5
23.7
0 20 40 60 80
Respiratory distress
Preterm
Hypoxic
Congenital anomaly
Jaundice
Figure 1 Admission diagnosis for the sampled neonates
(n= 418).
X ± SD 5.85 ± 0.84
Apgar 5th minute <7 151 36.1
P7 267 63.9
X ± SD 7.17 ± 1.09
Length of hospital stay <4 112 26.9
5–10 211 50.6
>11 94 22.5
X ± SD 7.3 ± 3.6
PROM No 288 68.9
Yes 130 31.1
Maternal age <25 170 40.7
25–34 230 55.0
P35 18 4.3
X ± SD 26.09 ± 4.56
Maternal UTI No 303 72.5
Yes 115 27.5
Outcome at discharge Recovery 320 76.6
Death 98 23.4
Total 418 100.0
NVD: normal vaginal delivery, CS: cesarean section, UTI: urinary
tract infection, PROM: premature rupture of membranes.Results
The average gestational age for the studied neonates was
35 weeks, the majority of them were females (57.7%), 60.5%
were delivered by cesarean section. Mean birth weight was
2285 grams. Average APGAR score at 1st and 5th minutes
was 5.85 and 7.17 respectively. Mean length of stay in the
NICU was 7.3 days. It also reveals that among the hospitalized
neonates 76.6% recovered and only minority (23.4%) died
(Table 1).
The primary reasons for admission were neonates suffering
from respiratory distress syndrome (68.0%), prematurity
(55.0%), jaundice (23.7%), hypoxia (12.7%), and congenital
anomalies (6.5%) as revealed in Fig. 1.
The most common therapeutic interventions and manipula-
tions done for the neonates included in this study were IV can-
nula, TPN and intra-gastric tube (94.5%, 67.7% and 64.4%
respectively) as illustrated in Table 2. Fig. 2 demonstrates
the high incidence of nosocomial infection among the studied
neonates as 38.5%.
Table 3 shows the incidence rate in relation to birth weight
and gestational age of the studied neonates, which were found
as the most important factors in the occurrence of NI. The
incidence of NI increases with low birth weight (61.7% for
<1000 gm and 43.1% for <1500 gm.) as well as in prematu-
rity (93.7% for gestational age <27 week).
Fig. 3 shows bacteriological proﬁle and the distribution of
isolated pathogens from positive blood cultures, the most fre-
quently isolated organisms were Klebsiella (34.2%), Staphylo-
coccus aureus (26.1%), Pseudomonas aeruginosa (14.9%),
Escherichia coli (11.2%), Proteus (7.4%), group B streptococ-
cus (3.7%), and Citrobacter diversus (2.5%). The main site of
NI was bloodstream infection (58.0%), followed by pneumo-
nia NI (46.0%), UTI (33.0%), meningitis (8.0%), secondary
skin infection (14.0%), and other sites of infection such as
eyes, ears, throat (28.0%) as illustrated in Fig. 4.
In order to assess different neonatal and maternal risk fac-
tors regarding their relation to the occurrence of NI and to
38.5%
61.5%
Positive blood culture Negative blood culture
Figure 2 Classiﬁcation of the sampled neonates according to
their infection after admission.
Table 3 Incidence of nosocomial infection by birth weight
and gestational age.
Birth weight No. Infected Incidence (%)
<1000 34 21 61.7
1000–1500 116 50 43.1
1500–2500 75 20 26.6
P2500 193 70 36.2
Gestational age (w)
<27 16 15 93.7
28–31 72 38 52.7
32–36 141 48 34.0
>37 189 60 31.7
Total 418 161 38.5
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Figure 3 Bacteriological proﬁle of positive blood culture.
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Figure 4 Sites of infection among infected neonates.
Table 2 Therapeutic interventions done for the sampled
neonates (n= 418).
Therapeutic interventions Categories No. %
Umbilical catheterization -No 296 70.8
-Yes 122 29.2
Endotracheal tube -No 247 59.1
-Yes 171 40.9
IV cannula -No 23 5.5
-Yes 395 94.5
Intragastric tube -No 149 35.6
-Yes 269 64.4
TPN -No 135 32.3
-Yes 283 67.7
Total 418 100.0
IV = intravenous, TPN= total parental nutrition.
Bacterial nosocomial infections in neonatal intensive care unit 75quantify the risk we used OR and CI as shown in Table 4.
Among the neonatal risk factors, there was a signiﬁcant asso-
ciation between the occurrence of NI and prolonged length of
hospital stay of>11 days (OR = 3.1, CI 1.2–3.4), younger ges-
tational age of <37 weeks and low birth weight of <1500 gm
((OR = 0.03, CI 0.00–0.26), and (OR= 0.47, CI 0.20–1.1)).
There was no signiﬁcant difference between females and males
regarding the occurrence of NI. Similarly, there was no signif-
icant association between the occurrence of NI and APGAR
scoring at 1st or at 5th minutes.As regards the maternal risk factors, risk of NI was 7 times
higher among neonates exposed to PROM>18 h (OR= 7.27,
CI = 4.57–11.53). Also, there was a very high signiﬁcant asso-
ciation between UTI and NI as we found that the risk of infec-
tion is about six times more among neonates born to mothers
with a history of urinary tract infection (OR= 5.59,
CI = 3.4–9.15). Similarly, there was a signiﬁcant association
between maternal age and NCI occurrence (OR = 1.29, CI
0.84–1.98).
Most of therapeutic interventions carried out for neonates
admitted to the NICU were signiﬁcantly associated with infec-
tions. It was found that the risk of NI was about 13 times more
among catheterized neonates (OR = 13, CI = 7.6–22.7) and
about ﬁve times higher in those with endotracheal intubation
(OR= 5.43, CI = 3.46–8.5) and those with intra-gastric tube
(OR= 4.96, CI = 2.9–8.6) the risk was also signiﬁcantly
higher with IV cannula (OR = 0.08, CI = 0.02–0.3), and
two times higher in those with TPN (OR= 2.2, CI = 1.4–
3.5) as shown in Table 5.
All of the isolated bacteria were resistant by 100.0% for
Cefotaxime and all bacteria were sensitive by 100.0% to Imi-
penem except Klebsiella (78.2%) and S. aureus (24.8%) as
shown in Table 6.
Table 7 demonstrates that; NI related death rate was 26.7%
compared with the death rate of 17.8% in non-infected neo-
nates during the study period.
Discussion
Despite intensive surveillance and prophylactic measures, NI
in NICUs remains a major world health problem. In our study,
Table 4 Neonatal and maternal risk factors related to the occurrence of infection among hospitalized neonates (n= 418).
Variables Category No nosocomial infection (n= 257) Nosocomial infection (n= 161) P value OR (95% CI)
No. (%) No. (%)
Gender: Female (n= 241) 153 (59.5) 88 (54.7) 0.32 1.22 (0.82–1.81)
Male (n= 177) 104 (40.5) 73 (45.3)
Gestational age (w) <27 (n= 16) 1 (0.4) 15 (9.3) 0.000* 1
28–31 (n= 72) 34 (13.2) 38 (23.6) 0.07 (0.0–0.59)
32–36 (n= 141) 93 (36.2) 48 (29.8) 0.03 (0.00–0.26)
>37 (n= 189) 129 (50.2) 60 (37.3) 0.03 (0.00–0.23)
Mode of delivery Normal (n= 165) 119 (43.3) 46 (32.2) 0.028* 1.6 (1.05–2.45)
C.S (n= 253) 156 (56.7) 97 (67.8)
Birth weight (gm) <1000 (n= 34) 13 (5.1) 21 (13.0) 0.003* 1
1000–1500 (n= 116) 66 (25.7) 50 (31.1) 0.47 (0.2–1.10)
1500–2500 (n= 75) 55 (21.4) 20 (12.4) 0.23 (0.09–0.58)
P2500 (n= 193) 123 (47.9) 70 (43.5) 0.35 (0.16–0.79)
Apgar 1st minute <7 (n= 327) 194 (75.5) 133 (82.6) 0.08 0.65 (0.39–1.06)
>7 (n= 91) 63 (24.5) 28 (17.4)
Apgar 5th minute <7 (n= 151) 95 (37.0) 65 (34.8) 0.67 1.1 (0.73–1.66)
>7 (n= 267) 162 (63.0) 105 (65.2)
LOHS <4 (n= 112) 81 (31.5) 31 (19.4) 0.000* 1
5–10 (n= 211) 133 (51.8) 78 (48.8) 1.53 (0.9–2.6)
>11 (n= 94) 43 (16.7) 51 (31.9) 3.1 (1.7–5.78)
PROM No (n= 288) 218 (84.8) 70 (43.5) 0.000* 7.27 (4.5–11.5)
Yes (n= 130) 39 (15.2) 91 (56.5)
Maternal age <25 (n= 170) 110 (42.8) 60 (37.3) 0.43 1
25–34 (n= 230) 135 (52.5) 95 (59.0) 1.29 (0.8–1.98)
>35 (n= 18) 12 (4.7) 6 (3.7) 0.92 (0.29–2.81)
Maternal UTI No (n= 303) 227 (88.3) 76 (47.2) 0.000* 8.5 (5.04–14.3)
Yes (n= 115) 30 (11.7) 85 (52.8)
CI and OR= Odds ratio and conﬁdence interval, LOHS: Length of hospital stays, PROM: Premature rupture of membranes.
* Signiﬁcant difference (P< 0.05).
Table 5 Therapeutic interventions as risk factors related to the occurrence of infection among hospitalized neonates (n= 418).
Therapeutic interventions Category No nosocomial infection (n= 257) Nosocomial infection (n= 161) P value OR (95% CI)
No (%) No (%)
Umbilical catheterization -No (n= 296) 231 (89.9) 65 (40.4) 0.000* 13.1 (7.6–22.7)
-Yes (n= 122) 26 (10.1) 96 (59.6)
Endotracheal tube -No (n= 247) 191 (74.3) 56 (34.8) 0.000* 5.4 (3.46–8.53)
-Yes (n= 177) 66 (25.7) 105 (65.2)
IV canula -No (n= 23) 3 (1.2) 20 (12.4) 0.000* 0.08 (0.02–0.3)
-Yes (n= 395) 254 (98.8) 141 (87.6)
Intragastric tube -No (n= 149) 109 (42.4) 40 (24.8) 0.000* 4.96 (2.9–8.6)
-Yes (n= 269) 148 (57.6) 121 (75.2)
TPN -No (n= 135) 113 (44.0) 22 (13.7) 0.00* 2.2 (1.4–3.5)
-Yes (n= 283) 144 (56.0) 139 (86.3)
CI and OR= odds ratio and conﬁdence interval, IV = intravenous, TPN= total parenteral nutrition.
* Signiﬁcant difference (P< 0.05).
76 D. Mohammed, O.S. El Seiﬁfour hundred and eighteen non-infected neonates admitted to
NICU of the Zagazig University Hospital in Sharkia Gover-
norate, Egypt, over a period from March 2012 to March
2013, were included. The incidence of NI in the present study
was 38.5%. In previous studies the incidence of NI was
reported to vary between 6.2% and 50.7%.9,14,18There was a wide variation in the rates of NI that have been
reported in previous studies in Egypt. Abdel-Wahab et al.,
2013 reported an incidence rate of 21.4%,19 while, El-Fiky
et al., 2003, reported an incidence rate of 54%.20 The differ-
ences among the studies can be attributed to differences in
study populations and locality, availability of resources,
Table 7 Death rates among the studied neonates (n= 418).
Outcome/subjects NI (161) Free of NI (257)
Death 43 46
Death rate (%) 26.7 17.8
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Bacterial nosocomial infections in neonatal intensive care unit 77proportion of very low birth weight neonates, overcrowding in
nurseries, antibiotic use and the difference in surveillance
methods for detection of NI.
In the present study, low birth weight<1500 gm and pre-
maturity have been reported to be the most important neona-
tal risk factors for NI which reﬂected in increasing the
incidence rate of NI among these categories. This observation
is supported by several studies which indicate that the risk of
nosocomial infection increases with reduction in gestational
age and birth weight,21–24 as they are devoiced of efﬁcient
structural barriers, of a protective endogenous microbial ﬂora
and of a mature immune system.25 In addition, they are
exposed to a variety of therapeutic interventions such as the
use of invasive devices and broad-spectrum antimicrobials dur-
ing their NICU stay that places them at risk of acquiring an
infection.26
In our study male gender and low Apgar scores were not
observed as predisposing factors for NI. Conversely, some
studies demonstrated that gender and low Apgar scores were
signiﬁcant risk factors.1 Also, we found that the risk of NI
was higher among neonates born to mothers with a history
of urinary tract infection, PROM and in infant born by cesar-
ean section. However, cesareans increase the risk of newborns
developing acute respiratory problems.27,28 Also the neonates
may acquire infection by passing through the infected genito-
urinary canal of the mother having urinary tract infection or
through ascending cervical infection in case of PROM. Thus,
all these factors increase the need for NICU admission;
In this study other risk factors such as umbilical catheteri-
zation, endotracheal intubation, IV cannula, intra-gastric tube,
TPN and duration of hospital stay >11 days have been
reported to be associated with an increased the risk of NI. Pre-
vious studies reported similar results.26,29–31
In our study, bloodstream infection was the most prevalent
infection with clinical sepsis accounting for the majority of
cases, and respiratory infection was the second most prevalent
one. This distribution is similar to that reported by several
studies,18,21,32 although different from other reports19,33 which
describe pneumonia as the most common neonatal NI. This
may be due to the difference in the diagnostic and management
techniques between our study (more dependent on IV cannula)
and the others.
The most common pathogens implicated in neonatal NI
were Gram-negative infections, including Klebsiella (34.2%),
S. aureus (26.1%), P. aeruginosa (14.9%), E. coli (11.2%), Pro-
teus (7.4%), group B Streptococcus (3.7%), and C. diversus
(2.5%). The results of the blood cultures were consistent with
previous studies.19,24,34 Conversely, other studies reported that
Gram-positive cocci are the most common pathogenic isolate
in neonatal NI especially in developed countries.18,35–37 This
can be explained by causative agents that vary with the geo-
graphical area and time.38
Regarding antibiotic sensitivity, this study proved that all of
the isolated bacteria were resistant by 100.0% for Cefotaxime
which necessitate caution of using it in the treatment of cases
78 D. Mohammed, O.S. El Seiﬁin NICUs. While all bacteria were sensitive by 100.0% to Imi-
penem except Klebsiella (78.2%) and S. aureus (24.8%). The
high level resistance of S. aureus to nearly all used antibiotics
represents a problem as it develops resistance quickly to antibi-
otics, leading to the emergence of Methicillin resistant S. aureus
(MRSA). The pattern of S. aureus sensitivity was nearly the
same as the result of another study performed in Nigeria, where
Amoxycillin/clavulanate and Gentamycin were the most effec-
tive antibiotics.39
Our results supported the fact that infected neonates may
have a higher rate of dying than neonates without NI, whereas
NI related death rate among our sample was 26.7% compared
with the death rate of 17.8% in non-infected neonates during
the study period. The mortality rates were reported to be from
13% to 50% in infants who develop an NI in another study,
speciﬁcally those with bloodstream infections and meningitis.40
Conclusions
We found a high incidence of nosocomial infection within the
NICU. The risk of NI increases with decreasing birth weight
and gestational age and increasing invasive therapies. There
was an increased mortality rate associated with NI. Since
knowledge of modiﬁable risk factors for NI would enable
developing countries to implement interventions to decrease
NI and associated complications it is the key to successful
management of this condition to minimize the occurrence of
nosocomial infection. Reasons for developing nosocomial
infection are multi-factorial and may be unit speciﬁc. Speciﬁc
targets for improvement should be based on understanding
the epidemiology of nosocomial sepsis within the unit’s own
environment. So we recommend:
(a) Having an ongoing NI surveillance to determine the
incidence of nosocomial infection, distribution of patho-
gens, associated risk factors and related death rates.
(b) Continuous quality improvement program and auditing.
(c) Education and training of health care workers and
adherence to a standardized protocol for insertion and
maintenance of intravascular catheters signiﬁcantly
reducing the incidence of catheter related infections.Conﬂicts of interest
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